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ROBERT SIMPSON WOODWARD1

1849-1924

BY F. E. WRIGHT

A thorough knowledge of mathematics and physics is an
excellent introduction to creative work in astronomy, geology,
and engineering. In the early days of the National Academy
of Sciences this close connection between mathematics and
physics, on the one hand, and astronomy, geology, and engineer-
ing, on the other, was recognized in the names of the Sections
to which Academy members were assigned. Thus Dr. Wood-
ward belonged for many years to the Section of Mathematics
and Astronomy and to the Section of Physics and Engineering.
He was one of a group of investigators whose interest was
primarily in mathematical physics; but who, in his own words,
realized that "the earth furnishes us with a most attractive store
of real problems"; that "its shape, its size, its mass, its pre-
cession and rotation, its internal heat, its earthquakes and vol-
canoes, and its origin and destiny are to be classed with the
leading questions for astronomical and mathematical research."
To these problems men like Laplace, Fourier, Gauss, G. H.
Darwin, and Lord Kelvin devoted much attention, and in so
doing advanced both geology and astronomy and their own
mathematical physical sciences.

Dr. Woodward's contributions to geology were in the domain
of geophysics, and, although his articles were printed many
years ago, they still rank as the most important papers on these
subjects thus far published in America. His influence, more-
over, in stimulating and encouraging geological work and, in his
later years, as president of the Carnegie Institution of Wash-
ington, in organizing and administering research projects in
geophysics and astrophysics has been an important factor in the
progress of geology, astronomy, and other sciences.

Robert Simpson Woodward was born on July 21, 1849, at
Rochester, Michigan; he died on June 29, 1924, at Washington,

1 Revision of "Memorial of Robert Simpson Woodward," by Fred. E.
Wright, published in the Bulletin of the Geological Society of America,
Vol. 37, pp. 115-134, 1926.
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D. C, at the age of nearly seventy-five years, after a long period
of illness and suffering, following an attack of influenza.

His early life was spent on a farm near Rochester, a village
in Oakland County about 30 miles north of Detroit. His father,
the Plon. Lysander Woodward, was one of the most progressive
farmers in the State; he sought to apply scientific principles to
the operation of his farm and took a keen interest in public
affairs. Farm land in this part of the State is of excellent quality
and responds well to proper treatment. Without question, this
attitude of mind of the father was passed on to the son, who
ever afterward was an enthusiastic student of farming methods
and in later years acquired and successfully operated, for recrea-
tion, a farm in Montgomery County, Maryland, not far from
Washington. The following biographical sketch of his father,
given in C. R. Turtle's General History of the State of Michigan,
Detroit, 1873, pages 167-168, is significant:

"Lysander Woodward, one of the most prominent men in Oakland
County, was born in the town of Columbia, Tolland County, Connecticut,
November 19, 1817. His parents, Asahel Woodward and Harriet House,
were natives of that State. In 1825, with his parents, he removed to the
town of Chili, Monroe County, New York. From here he emigrated to
Michigan in the fall of 1838. He married Miss Peninah A. Simpson on
the n th of May, 1843, and settled near the village of Rochester, Oak-
land County, Michigan, where he still resides. Mr. Woodward's chief
occupation is that of a farmer, but he has held many important offices in his
township. In i860 he was elected representative from the first district of
Oakland County to the State Legislature, and served with considerable
distinction during one regular and two extra sessions. He was county
treasurer of Oakland County two terms and performed his duties in a
thoroughly satisfactory manner. Mr. Woodward was also president of the
Oakland County Agricultural Society for three years, and in this position
did great service in advancing the agricultural interests of the Detroit and
Bay City Railroad and has been instrumental in canvassing for and pro-
moting its construction. He was chosen the first president of this company
in 1871, which important office he held up to May 15, 1873, and he still
remains one of the directors of the company. Mr. Woodward owns one of
the largest and best cultivated farms in Oakland County."

Doctor Woodward's mother belonged to the Simpson family,
a name prominent in the annals of Connecticut. From his mother
he inherited many genial traits of character and an interest in
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his fellow-man, traits that were an integral part of his person-
ality.

His boyhood days were passed in an atmosphere of pioneer
farm development, coupled with a broad interest in public af-
fairs. His school training was excellent. The Rochester Acad-
emy which he attended ranked well among the schools of the
State, and his teachers, especially one, were better than the
average. On finishing the academy he wished to go to the uni-
versity, but his father was not in sympathy with university
training and only after the most earnest appeals was he persuaded
to allow his son to attend. Four years later, in 1872, the son
graduated from the University of Michigan with the C. E. de-
gree. Several summers during the college period were spent in
field-work as aide on the United States Lake Survey. After
graduation he became assistant engineer on the United States
Lake Survey and retained this position for ten years, until 1882,
when the work was practically finished.

During this period he was engaged chiefly in primary tri-
angulation work on the Great Lakes, under the leadership of
General Comstock of the Corps of Engineers, War Department.
This gave him a most thorough training in primary triangulation,
in latitude and longitude determinative work, in the testing of
field instruments and field methods, and in the office adjustment
of field observations by least-square methods. The results of
this work were published in chapters 16 to 20 and 24 and 25 of
General Comstock's Monographic Report on the Survey of the
Lakes, Professional Paper No. 24 of the U. S. Army Engineers ;
also in several articles in technical journals. During this period
Dr. Woodward acquired an interest in the earth as a whole—in
its shape, its tides, its atmosphere, and in the host of geophysical
problems, many of which still await solution. This keen interest
was maintained throughout his life and led him during the next
decade to investigate some of the outstanding geophysical prob-
lems, and to solve them in spite of formidable mathematical dif-
ficulties. To him they had an irresistible fascination, and in
later years he looked eagerly forward to the time when he could
lay aside administrative duties and return to his research work
in geophysics.
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On leaving the Lake Survey Dr. Woodward joined the United
States Transit of Venus Commission as assistant astronomer
and was associated with it for two years, 1882 to 1884, with
Professors Asaph Hall and William Harkness. During the tran-
sit of 1882 he was with the observing field party under Pro-
fessor Hall at San Antonio, Texas. There were eight field
parties, four in the United States and four in foreign countries,
and each party took a number of photographs during the transit
of Venus across the sun's disk. These photographs were de-
posited with the Naval Observatory, where they were carefully
measured, and the data of measurement were used in computa-
tions to obtain a more nearly correct value of parallax than
had hitherto been possible. An immense amount of labor was
put into this task, but, as a result of improvements in methods
along other lines, the parallax values thus derived were super-
seded before the final report was completed and it was accord-
ingly not issued.

The twelve years thus spent by Dr. Woodward in geodetic and
astronomic work of the highest precision, but always with an
immediate practical bearing, trained him to an engineer's sense
of values and proportion. Whenever a problem arose he instinc-
tively sought not only the means of solving it, but also the most
direct method that would give results of the desired degree of
accuracy with the least expenditure of energy. We shall now
see how in the next decade he utilized this training to the utmost
and made to geology and geodesy remarkable contributions that
would otherwise have been impossible. This same resourceful
attitude of mind also makes for success in administrative work.
It was inevitable, therefore, that in later years Dr. Woodward's
balanced judgment should be sought on all sorts of technical and
scientific problems, and that he should be drawn eventually into
executive work.

From the Naval Observatory Dr. Woodward was called in
1884 to the United States Geological Survey as astronomer,
where he soon became geographer, and then chief geographer in
charge of the Division of Mathematics. The Geological Survey
was at this time still young and had much to learn in all its
branches; but its members were men—like Gilbert, Dutton,



ROBERT SIMPSON WOODWARD WRIGHT

King, and Chamberlin—who, as masters in geology, with a
virgin country to investigate, were full of enthusiasm and eager
to accomplish much. It was a congenial atmosphere to enter,
and during the next six years Dr. Woodward wrote his most
important scientific papers.

His tasks on the Geological Survey were of two kinds, namely,
those arising from the topographic branch in connection with
field methods and map-work, and the investigation of problems
of a geologic nature, but involving the behavior of the earth as
a whole. To the first group of tasks Dr. Woodward had long
been accustomed. They included latitude and longitude deter-
minations at critical stations in different States, problems on map
projection, and the testing of field methods. He prepared a set
of formulas and tables to facilitate the construction and use of
maps. These tables, in amplified form, are still in use at the
Geological Survey and constitute the basis for its topographic
sheets. He prepared sets of instructions on methods best adapted
for field use in primary and secondary triangulation. With the
aid of several members of his division, he set up a small observa-
tory for use in testing field instruments and in giving instruction
to topographers in field topographic methods, especially latitude
and longitude determinations. As a result of this work, the field
methods were put on a practical engineering basis, thus securing
the desired degree of accuracy with the minimum expenditure
of funds and energy.

Geology at this time was moving forward rapidly, and the
geologists of the Survey naturally turned to Dr. Woodward for
assistance in problems of a mathematical physical nature. G. K.
Gilbert found, for example, that within the area covered orig-
inally by Lake Bonneville the shoreline observed on an island
in the central part of the lake was 129 feet higher than the
strandline at its margin. The question arose, Was this difference
in elevation due to the disappearance of the water? T. C.
Chamberlin wished also to know to what extent the form and
position of the sealevel may have been modified by the attrac-
tion of the Pleistocene ice-cap. A general solution to these two
problems was given by Dr. Woodward in Bulletin of the U. S.
Geological Survey No. 48 on the "Form and position of sea-
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level, with special reference to its dependence on superficial
masses symmetrically disposed about a normal to the earth's sur-
face." This problem was one requiring for its solution mathe-
matical work of the highest order and, in addition, the experi-
ence of the engineer, so to shape his formulas that they could be
applied directly by the computer. The problem, as Dr. Wood-
ward attacked it, became that of the deformation of the terrestrial
geoid (as expressed by the surface of the sea) by the attraction
of an ice-cap or other mass. It meant the investigation, by means
of the potential theory, of the change in the equipotential surface
of a large lake or sea as a result of the presence of an ice-cap, or
of a body of water, or of a continental mass. The new set of
formulas developed by this investigation sufficed to answer not
only the questions of Gilbert and Chamberlin, but also other re-
lated questions concerning the distribution of density in the
earth's mass and regarding the effect of continental masses on
sealevel. In an historical note appended to this paper, Dr. Wood-
ward analyzes the work of Croll, Archdeacon Pratt, D. D. Heath,
and Sir William Thomson on this subject and shows the scope
of each treatment. The work of these mathematicians demon-
strated clearly the limitations that arise when the analyst is satis-
fied with a general solution to a problem, but fails to obtain a
solution that is suitable for computation purposes. On this point
Dr. Woodward insisted repeatedly. Thus, in his papers on the
free cooling and on the conditioned cooling of a homogeneous
sphere, he "sought to express the solutions in such terms that
the computer can, without undue labor, assign the temperature at
any point within the sphere for any value of the time, having in
mind always an application of the theory to the earth." Again,
in his paper on the diffusion of heat in a homogeneous rec-
tangular mass, he refers to the extraordinary studies of Fourier
and Poisson and notes that "we must extend their work and adapt
it to the practical needs of the computer."

Other problems were referred to Dr. Woodward while he re-
*mained with the Geological Survey. Thus Mr. Gilbert, in the
course of his studies on the moon's face, wished to ascertain the
average angle of incidence of meteors and moonlets impinging
on the moon. Mr. Gilbert favored the meteor impact theory for
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the formation of the moon's craters and sought an explanation
for the absence of elliptically shaped craters, which one might
expect to find if the meteorites struck the moon at angles other
than about normal to its surface. Dr. Woodward solved the
general problem of the frequency of the different angles of in-
cidence and showed how they vary with the assumptions made.

For the Division of Chemistry he studied the ratios of the
weights of the chemical elements and made least-square adjust-
ments involving the solution of 30 simultaneous equations.

From the geologist's viewpoint, Dr. Woodward's most im-
portant contributions of this period are his papers on the free
and conditioned cooling of a homogeneous sphere and his appli-
cation of the results presented therein to the secular cooling of
the earth and to its age. Geological thought with respect to the
age of the earth had been dominated for a generation by the con-
clusions of Lord Kelvin, who in 1862 and again in 1883 stated,
after a detailed mathematical investigation of the subject, "We
must allow very wide limits in such an estimate as I have at-
tempted to make; but I think we may with much probability say
that the consolidation can not have taken place less than 20,000,-
000 years ago, or we should have more underground heat than
we actually have, nor more than 400,000,000 years ago, or we
should not have so much as the least observed underground in-
crement of temperature; that is to say, that Leibnitz's epoch of
emergence of the consistentior status was probably between those
dates." Geologists accepted this statement by Lord Kelvin be-
cause his arguments, so far as they could follow them, seemed
sound. Nevertheless, although they could not refute his state-
ments, they found it difficult to reconcile them with a mass of
geological evidence. Dr. Woodward undertook to reexamine
the entire problem, and carried the solution much further than
had Lord Kelvin or his predecessors.

The problem of a cooling sphere was not new.

"It was very thoroughly discussed in its purely mathematical features
by Fourier and Poisson, the pioneers in the theory of heat, and has been
much studied by mathematicians of later date. Able and elaborate as their
work is, however, it is not well adapted to the needs of practical applica-
tion ; it does not enable one to trace readily and accurately all the phe-
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nomena of cooling throughout their entire history. My investigations of
this problem were necessarily made partly with a view to supplying the
defect just named."

In his paper Dr. Woodward gives the data necessary for cal-
culation of the secular cooling of the earth; the age of the earth
derivable from such data; the distribution of the isogeotherms;
the rate of increase of underground temperature and its varia-
tion with the time; the radial and volume contraction; the stra-
tum of no strain.

He summarized his conclusions in an address in 1889 as vice-
president of the Section of Mathematics and Astronomy of the
American Association for the Advancement of Science. After
presenting an excellent digest of the work of his predecessors,
Dr. Woodward remarks that the conclusions of Lord Kelvin are
very important if true.

"But what are the probabilities ? Having been at some pains to look
into this matter, I feel bound to state that, although the hypothesis appears
to be the best which can be formulated at present, the odds are against
its correctness. Its weak links are the unverified assumptions of an initial
uniform temperature and a constant diffusivity. Very likely these are
approximations, but of what order we can not decide. Furthermore, if we
accept the hypothesis, the odds appear to be against the present attainment
of trustworthy numerical results, since the data for calculations, obtained
mostly from observations on continental areas, are far too meager to give
satisfactory average values for the entire mass of the earth. In short, this
phase of the case seems to stand where it did twenty years ago, when
Huxley warned us that the perfection of our mathematical mill is no
guaranty of the quality of the grist, adding that as the grandest mill will
not extract wheat flour from peas-cods, so pages of formulas will not get
a definite result from loose data."

This statement by Dr. Woodward, together with his published
re-treatment of the entire problem, set the minds of geologists
at rest concerning the restrictions imposed by Lord Kelvin.
Some years later the generation of heat by transformations in
radioactive substances within the earth's crust was discovered
as a factor tending to retard the rate of cooling of the earth and
to increase the limits set by Lord Kelvin.

In this same vice-presidential address Dr. Woodward sum-
marized also the opinions regarding the contractional theory of
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the earth and the theory of isostasy which had been propounded
only a few months before by Dutton, and he inferred "that
isostasy is competent only on the supposition that it is kept in
action by some other cause tending constantly to disturb the
equilibrium which would otherwise result. Such a cause is found
in secular contraction and it is not improbable that these two
seemingly divergent theories are really supplementary." With
reference to the solidity or the liquidity of the earth's interior he
notes that "the difficulties appear to be due principally to our
profound ignorance of the properties of matter subject to the
joint action of great pressure and great heat. It is not clear
how our knowledge is to be improved without resort to experi-
ments of a scale in some degree comparable with the facts to be
explained." Dr. Woodward was a firm believer in experiment.
In his own words, "The price of progress, like that of liberty,
is eternal vigilance. One must be ever active, ever patiently per-
sistent, proving all things and holding fast to that which is good."

Dr. Woodward was also interested in the possible laws of
arrangement of density in the earth's mass under the assumption
that the density increases continually from the surface toward
the center. Realizing the dependence of the arrangement of
density on certain known properties of the earth, such as its mean
density, its surface shape and surface density, and its constant
of precession, he sought to determine the most probable law of
increase, but found that the available data were not adequate
for the purpose.

In 1890 Dr. Woodward resigned from the Geological Survey
to accept a position with the United States Coast and Geodetic
Survey. Major J. W. Powell, in his Report of the Director of
the Geological Survey for 1889-1890, states that Dr. Wood-
ward's "resignation was accepted with regret, as this Survey can
ill afford to lose his rare ability for mathematical research. Since
his first association with the Survey, in 1884, he has not only
supervised the computations made in connection with the trian-
gulation and astronomic determinations, conducted the compu-
tation of a series of tables for the use of the Topographic Branch,
and given aid to geologists having occasion to read their data by
mathematical methods, but he also made important additions to
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geologic science by discussing and advancing, on several lines,
the theories of terrestrial physics. His discussion of the form
and position of sealevel of the earth as dependent on superficial
distribution of matter yielded formulas and numerical results
of importance in the discussion of the physical results of the
filling and emptying of the Bonneville Basin, of the formation
and dissolution of the northern ice-sheet, and of all other phe-
nomena involving the influence of superficial masses on the
geoid. His discussion of the problem of a heated sphere, such
as is presented by the earth, and of the contraction resulting
from its slow cooling, is especially valuable for its indication of
the additional work needed for the determination of the con-
stants involved, and for the illustration of the dependence of
the mathematical results upon important postulates, the pos-
sibility of whose future demonstration is not apparent. He has
also studied and discussed the distribution of density and pres-
sure within the earth and made a preliminary study of the stresses
and strains involved in the deformation of the earth's crust
within the limits of elasticity."

Dr. Woodward was called upon by the Coast and Geodetic
Survey, because of his long experience in precise triangulation,
"to devise means of testing in the most thorough way practicable
the efficiency of the various forms of base apparatus used by
the Survey, especially the efficiency of long steel tapes or wires."
To this congenial task he applied himself with pleasure and
enthusiasm. He devised the iced bar apparatus for measuring-
base lines and for calibrating steel tapes. His method for cali-
brating steel tapes was adopted by the Coast and Geodetic Sur-
vey and remains still the standard method. He was also the first
to measure primary base lines with long steel tapes, and to prove
that these tapes furnish the required degree of accuracy, namely,
one part in one million. This work was of fundamental im-
portance to geodesy and not only resulted in the saving of
much money and time in field-work, but placed the primary
triangulation work of the Coast and Geodetic Survey on a higher
plane than had been theretofore possible. He insisted, more-
over, that, in the field, measurements only of the kind and num-
ber be taken that are necessary to insure the desired degree of
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accuracy. His influence led Hayford some years later to revise
and standardize the field and com'putational methods of the
Coast and Geodetic Survey, thereby greatly increasing the speed
of the work, lowering the costs, and placing the results on a
uniformly high level of known precision. In this respect the
Coast and Geodetic Survey set the example for other surveys
the world over.

Maps constitute a very important item in geology, and for this
contribution alone geology owes much to Dr. Woodward.

While at the Coast and Geodetic Survey Dr. Woodward pre-
pared for the Smithsonian Institution the Smithsonian Geo-
graphical Tables. In the introductory part (93 pages) of this
volume useful formulas are given for the geographer and car-
tographer, the geodesist and astronomer; also a brief statement
of the theory of errors is included. The tables cover 180 pages
and furnish data of interest to geographers and students of allied
sciences. The third edition of these successful Tables was issued
in 1906 and was reprinted in 1918.

In 1893 Dr. Woodward was called to Columbia University as
Professor of Mechanics and Mathematical Physics. From that
time on, his work was that of the teacher and administrator. In
1895 he became dean of the College of Pure Science and was
confronted with many problems that required tact and per-
severance for their solution. His influence on the student body
and on the students directly under him at Columbia was remark-
able. He insisted on good work from each student, but he was
ever ready to give help where it was needed. His thorough
knowledge of mechanics and of the needs of the engineer en-
abled him to give to his engineering students the kind of infor-
mation they most needed, and to train them to the attitude of
mind essential to successful accomplishment in engineering
work.

Intensely interested in the human element, and with a most
attractive, genial, and lovable personality, his advice was sought
on every side, both by the student body and by the faculty; so
that, in spite of the best intentions and very hard work, he could
not obtain for himself the desired periods of quiet to pursue his
mathematical work, to which he looked ever forward.
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He did, however, undertake, with the aid of Professor Wills
and Dr. Deimel, an investigation into the possibilities of the
double suspension pendulum for the determination of the value
of gravity. The advantage of this method over the ordinary
method is the ease with which the length of the pendulum can
be ascertained; its disadvantage is the uncertainty regarding the
elastic behavior of the suspension fibers or ribbons. Dr. Wood-
ward made a thorough mathematical investigation into the sub-
ject, but was called to another position before the experimental
work had been completed, and he never found an opportunity
to finish the task. The records of the investigation, so far as
they were carried, are on file in the Physics Department of Co-
lumbia University.

His interest was also aroused by A. L. Queneau in the cooling
and crystallization of intrusive igneous masses as an example
of a special case of the general theory of the cooling of a heated
mass (bar or sphere), as developed by Woodward in 1888. Dr.

. A. C. Lane was the first to treat this problem, but his solution
was somewhat different from that of Dr. Woodward. Queneau
adopted Woodward's mode of treatment and applied it to a
study of certain igneous rocks, arriving at essentially the con-
clusions reached by Dr. Lane.

On December 13, 1904, Dr. Woodward became president of
the Carnegie Institution of Washington, and met the problems
of this new kind of research institution with the same good
common sense that characterized all his executive work. He
analyzed each problem thoroughly, including that of personnel,
and insisted that the institution be run on a thoroughly business-
like basis, that it live within its income, and that its money be
spent with fair expectation of a good return. He established
several departments of the institution and organized the institu-
tion about them. Miscellaneous appropriations to aid individual
pieces of research were carefully scrutinized and every effort was
made to spend the money entrusted to his care wisely and in the
interests of science. Dr. Woodward showed keen appreciation
of scientific activities outside his own sphere of astronomy and
earth science and in his later years was much interested in
archaeology and in the humanities generally.
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He believed that he who thinks clearly writes clearly. "It is
so much easier to appear to write well, or even brilliantly, than
it is to think clearly, that facile expression is often mistaken for
sound thought." He himself wrote exceedingly well and coined
many apt and telling phrases.

In his relations with the men of the institution under him he
showed the keenest interest and encouraged them wherever pos-
sible. His home life was of the ideal kind. Both he and Mrs.
Woodward had a genius for hospitality and made each visitor
feel at ease. Their home in Washington was ever the meeting
place for scientific and other folk, just as it had been at Colum-
bia University.

In the early days of the Carnegie Institution the effort to find
and to aid the unusually talented man in his scientific work, in
accordance with the expressed wish of the founder, Mr. Carne-
gie, led to the placing of numerous small grants with men over
the country who had special problems to solve. When Dr.
Woodward became president he examined carefully into these
random grants and found that a surprisingly small number
yielded returns to science commensurate with the outlay. He
therefore concluded that, so far as possible, the efforts of the
Carnegie Institution should be concentrated on projects of large
scope, which would probably not otherwise be attempted, and
that these efforts for the most part should be carried forward
by investigators in the employ of the Institution. The result
was greater emphasis on the departments of the Carnegie In-
stitution, such as the Geophysical Laboratory and the Mount Wil-
son Observatory, and the more intensive development of all these
departments. A few research associates who were able to give
their entire time to special research problems were also main-
tained as integral members of the Institution, but the voting of
small grants to aid in the solution of specific problems under
attack by individuals connected with other institutions was mini-
mized as a policy of the Institution.

At the outbreak of the. war Dr. Woodward was much dis-
turbed by the trend of events in Europe, and, when this country
entered the war, he was influential in persuading the trustees
to offer the services of the entire Institution to the Government.

13
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The war work of the Carnegie Institution covered many fields
of activity, from the manufacture of optical glass to military
intelligence work, and to it all Dr. Woodward offered the most
effective support. He himself was a member of the Naval Con-
sulting Board, as one of the two representatives from the Ameri-
can Mathematical Society to the board.

Dr. Woodward was president of the Carnegie Institution from
December 13, 1904, to January 1, 1921, a period of sixteen
years. The first president of the Institution, Dr. D. C. Gilman,
president emeritus of Johns Hopkins University, had retired
from active life, and he undertook the task only temporarily,
until the best man for the position could be selected. When Dr.
Woodward entered upon his duties the Institution was two years
old and had still to establish itself in the minds of the public
and to determine on the best policies to follow. It needed at this
critical period the mature judgment and experience that Dr.
Woodward had acquired in governmental and educational posi-
tions ; it needed also an enthusiastic and genial personality to
carry through successfully the projects that merited encourage-
ment and at the same time to avoid the far greater number of
suggested projects which, although urged upon the Carnegie In-
stitution most insistently, really promised little return. On look-
ing back over his years of activity, he states in his last report
as president that "probably no other organization in the evolu-
tion of learning has been so beset by what Dr. Johnson called
the anfractuosities of the human mind as the Carnegie Institu-
tion of Washington." But his keen sense of humor carried him
over the rough places and his kindly, well-balanced attitude in-
stilled in those with whom he came in contact the feeling of assur-
ance that each proposal would be dealt with fairly and on its
merits. Thus it was that the Carnegie Institution grew and flour-
ished and contributed much to the development of science in
this country.

Dr. Woodward received many honors from different scientific
societies. He was vice-president of the Section of Mathematics
and Astronomy of the American Association for the Advance-
ment of Science, in 1889; its treasurer, 1894-1924, and its presi-
dent in 1900; president of the American Mathematical Society,

14
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1898-1900; of the New York Academy of Sciences, 1900-1902;
of the Washington Academy of Sciences, 1915; of the Phil-
osophical Society of Washington, 1910, and of the Literary So-
ciety of Washington, 1913-1914. He was a member of the Na-
tional Academy of Sciences, the Astronomical Society, and the
American Physical Society, and fellow of the American Acad-
emy of Arts and Sciences and of the American Philosophical
Society. He was elected a member of the National Academy
of Sciences in 1896. He served as member of its Council from
1909 to 1915 and on the following Academy committees:
Weights, Measures, and Coinage (1906-1924) ; Gould Fund
(1915-1924). He was Chairman of the Section of Physics and
Engineering (1908-1913) ; and Chairman of the Special Com-
mittee appointed in 1913 to advise the Secretary of Agriculture
on the selection of a new Chief for the United States Weather
Bureau. He was a member of the Executive Board of the Na-
tional Research Council, 1918-1920; of the Executive Commit-
tee of its Division of Physics, Mathematics, Astronomy, and
Geophysics, 1918-1920; and of the Section of Geodesy, of the
American Geophysical Union, 1919-1920.

He was associate editor of Science from 1884 to 1924, and of
the Annals of Mathematics from 1888 to 1889. Together with
Prof. Mansfield Merriman, he edited a series of mathematical
monographs; he himself contributed in 1896 to the series the
monograph on the "Theory of Probabilities."

From the universities he received many honorary degrees:
University of Michigan, Ph. D. in 1892; LL. D. in 1912; Uni-
versity of Wisconsin, LL. D. in 1904; University of Pennsyl-
vania, Sc. D. in 1905; Columbia, Sc. D. in 1905; Johns Hop-
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In 1876 he married Miss Martha Gretton Bond of Detroit who
with three sons survived him.

In addition to his great attainments, Dr. Woodward possessed
a simplicity and open friendliness of manner and character that
endeared him to young and old alike. It was a privilege to know
him, to feel his radiant enthusiasm, and to be uplifted by his
hopeful outlook on this world and its many problems.

15



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XIX

BIBLIOGRAPHY

1875
Determination of the errors of graduation of Troughton and Simms theo-

dolite number 2. Appendix E, U. S. Lake Sur. Rept., 1875, 5 pp.

1879
Constants of Troughton and Simms theodolite number 3. Appendix 7,

U. S. Lake Surv. Rept., 1879, 7 pp.

1882

Primary triangulation of the United States Lake Survey. Prof. Papers,
Corps Eng., U. S. Army, no. 24, chapters XVI to XX, XXIV to
XXV, 288 pp.

On the actual and probable errors of interpolated values from numerical
tables by means of first differences. The Analyst, vol. 9, pp. 143-149,
169-175-

1883
Results of experiments to determine the variations in length of certain

bars at the temperature of melting ice. (With H. S. Wheeler, A. R.
Flint, and W. Voigt.) Amer. Jour. Sci., third scries, vol. 38, pp. 337-
355. Abstract of this paper appeared in Zeitschrift fiir Instru-
mentenkunde, Band 3, pp. 322-324, under the title Aenderung der
Lange verschiedener Stiibe bei derselben Temperatur.

Special treatment of certain forms of observation equations. Abstract in
Bull. Phil. Soc. Wash., vol. 6, p. 156.

1884
Note on the optical formula expressing the relation of conjugate distances,

and on the theory of the stadia. Van Nostrand's Eng. Mag., vol. 30,
PP- 473-476.

Discussion of a concrete problem in hydrostatics proposed by Mr. G. K.
Gilbert. Title. Bull. Phil. Soc. Wash., vol. 7, p. 101.

1885
Some practical features of a field time determination with a meridian

transit. Bull. Phil. Soc. Wash., vol. 8, pp. 55-58.
On variations of latitude. Abstract in Bull. Phil. Soc. Wash., vol. 8, p. 10.

18S6

On errors incident to interpolated values from numerical tables. Ann.
Math., vol. 2, pp. 54-59.

On the rate of recession of Niagara Falls, as shown by results of a recent
survey. Abstract in Proc. Amer. Assn. Adv. Sci., vol. 35, p. 222.

On the position and shape of the geoid as dependent on local masses. Title.
Bull. Phil. Soc. Wash., vol. 9, pp. 570-571.

16



ROBERT SIMPSON WOODWARD WRIGHT

Is the ocean surface depressed? Science, vol. 7, pp. 570-571.
On the form and position of the sealevel as dependent on superficial masses

symmetrically disposed with respect to a radius of the earth's surface.
Ann. Math., vol. 2, pp. 97-103, 121-131; vol. 3, 1887, pp. 11-26.

1887
On the free cooling of a homogeneous sphere. Title. Bull. Phil. Soc.

Wash., vol. 10, p. 90.
On the conditioned cooling and cubical contraction of a homogeneous

sphere. Title. Bull. Phil. Soc. Wash., vol. 10, p. 103.
On the free cooling of a homogeneous sphere. Ann. Math., vol. 3, pp. 75-88.
On a method of computing the secular contraction of the earth. Abstract

in Proc. Amer. Assn. Adv. Sci., vol. 37, p. 59.
On the conditioned cooling and cubical contraction of a homogeneous

sphere. Ann. Math., vol. 3, pp. 129-144.

1888
On the diffusion of heat in homogeneous rectangular masses, with special

reference to bars used as standards of length. Abstract in Proc. Amer.
Assn. Adv. Sci., vol. 37, p. 79.

On a method of determining the emissivity of a metallic bar cooling or
heating in air. Abstract in Proc. Amer. Assn. Adv. Sci., vol. 37, p. 84.

Laws of frequency of errors of interpolated logarithms, etcetera, dependent
on first differences; and a comparison of the theoretical with the
actual distribution of the errors of 1,000 interpolated values. Title.
Proc. Amer. Assn. Adv. Sci., vol. 37, p. 63.

On the diffusion of heat in homogeneous rectangular masses, with special
reference to bars used as standards of length. Ann. Math., vol. 4,
pp. 101-127.

On the form and position of the sealevel. Bull. U. S. Geol. Surv., no. 48.
88 pp.

Variation of terrestrial density, gravity, and pressure. Abstract in Bull.
Phil. Soc. Wash., vol. 11, p. 580.

Summation of certain complex series. Title. Bull. Phil. Soc. Wash., vol.
11, p. 601.

Mathematical theory of the "stratum of no strain" and its applications
to the earth. Abstract in Bull. Phil. Soc. Wash., vol. 11, p. 602.

1889

Mechanical conditions of the earth's mass. Abstract in Bull. Phil. Soc.
Wash., vol. 11, pp. 532-533-

Notes on problems in averages. Title. Bull. Phil. Soc. Wash., vol. 11,
p. 605.

Some of the greater problems of physical geology. Bull. Phil. Soc. Wash.,
vol. 11, p. 537.

On the latitudes and longitudes of certain points in Missouri, Kansas,
and New Mexico. Bull. U. S. Geol. Surv., no. 49, 132 pp.

17



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XIX

Formulas and tables to facilitate the construction and use of maps. Bull.
U. S. Geol. Surv., no. 50, 124 pp.

The mathematical theories of the earth. Vice-presidential address before
Section of Mathematics and Astronomy of American Association for
the Advancement of Science, Toronto meeting. Proc. Amcr. Assn.
Adv. Sci., vol. 38, 1890, pp. 49-69. Published also in Science, vol. 14,
no. 344; Amer. Jour. Sci., vol. 39, no. 227; Amcr. Geol., vol. 4, no. 5,
and in Rep. Smithsonian Inst., 1890.

The dynamical theory of mercurial thermometers. Abstract in part II
of a paper with Prof. Wm. A. Rogers, under the title Concerning
thermometers. Proc. Amer. Assn. Adv. Sci., vol. 38, pp. 135-136.

1890

Special laws of the diffusion of heat in homogeneous spheres. Title.
Bull. Phil. Soc. Wash., vol. 11, p. 607.

The effects of the atmosphere and oceans on the secular cooling of the
earth. Abstract in Proc. Amer. Assn. Adv. Sci., vol. 39, p. 90.

On the deformation of the geoid by the removal, through evaporation,
of the water of Lake Bonneville Appendix B of Lake Bonneville,
by Grove Karl Gilbert. Monog. U. S. Geol. Surv., vol. 1, pp. 421-424.

On the elevation of the surface of the Bonneville Basin by expansion due
to change of climate. Appendix C to Lake Bonneville, pp. 425-426.

Report on astronomical work of 1889 and 1890. Fixation of the 105th
meridian in El Paso County, Texas. Bull. U. S. Geol. Surv., no. 70,
80 pp.

1891
Review of Tisserand's Mecanique Celeste. Title. Bull. Phil. Soc. Wash.,

vol. 11, p. 568.
Review of Tisserand's Mecanique Celeste. Ann. Math., vol. 6, pp. 49-56.
Maxwell's theory of electrostatics. Title. Bull. Phil. Soc. Wash., vol 11.

The form and efficiency of the iced bar base apparatus of the United
States Coast and Geodetic Survey. Title. Proc. Nat. Acad. Sci.,
April meeting, 1892.

The iced bar base apparatus of the United States Coast and Geodetic
Survey. Title. Proc. Amer. Assn. Adv. Sci., vol. 41, p. 64.

On the general problem of least squares. Title. Proc. Amer. Assn. Adv.
Sci., vol. 41, p. 64.

On the use of long steel tapes in measuring base lines. Title. Proc. Amer.
Assn. Adv. Sci., vol. 41, p. 146.

On the rectification of a slightly sinuous curve. Title. Bull. Phil. Soc.
Wash., vol. 12.

1893
Preliminary account of the iced bar base apparatus of the United States

Coast and Geodetic Survey. Amer. Jour. Sci., vol. 45, pp. 33-53-

18



ROBERT SIMPSON WOODWARD WRIGHT

Recent experience on the United States Coast and Geodetic Survey in the
use of long steel tapes for measuring base lines. Trans. Arner. Soc.
Civil Eng. (International Engineering Congress, Chicago, 1893), vol.
30, pt. II, pp. 81-107. New York.

The iced bar and long tape base apparatus and the results of measures
made with them on the Holton and Saint Albans bases. Pt. II,
Appendix no. 8, Rep.. U. S. Coast and Geodetic Surv., 1892, pp.
334"489- lS94

Smithsonian Geographical Tables. Prepared by R. S. Woodward. Pub-
lished by the Smithsonian Institution, 1894, pp. civ + 182.

Periodic errors of graduated circles. Title. Trans. N. Y. Acad. Sci.,
vol. 13, p. 205.

Analytical theory of the errors of interpolated values from numerical
tables. Abstract in Bull. Amer. Math. Soc, second ser., vol. 1, no. 1.

Review of Byerly's treatise on Fourier's series and spherical, cylindrical,
and ellipsoidal harmonics. Ann. Math., vol. 8, pp. 189-191.

An historical survey of the science of mechanics. An address read before
the New York Academy of Sciences, November 24, 1894. Science,
n. s., vol. I, pp. 141-157.

On the condition of the interior of the earth. Abstract in Trans. N. Y.
Acad. Sci., vol. 14, pp. 72-76.

1895
Review of Ziwet's theoretical mechanics. Science, n. s., vol. 1, p. 20.
Review of Greenhill's treatise on hydrostatics. Science, n. s., vol. 1, p. 269.
On the measurement of horizontal angles. Proc. Eng. Soc. Sch. Mines,

Columbia College.
Mechanical interpretation of the variations of latitudes. Astron. Jour.,

vol. 15, pp. 65-72.
Results of experiments with metallic spheres falling in water. Title. Trans.

N. Y. Acad. Sci.
Systems of mechanical units. Abstract in Trans. N. Y. Acad. Sci.
Review of Hancock's Mechanics and Hydrostatics and Glazebrook's Me-

chanics. Science, n. s., vol. 2, p. 631.

1896
A course of study in the physical sciences. Mechanics. Proc. Soc. Pro.

Eng. Ed., vol. 3, pp. 229-241.
Higher mathematics. A text-book for classical and engineering colleges.

Edited by Mansfield Merriman and Robert S. Woodward. Chapter
on probability and theory of errors, pp. 467-507, by R. S. Woodward.
New York, John Wiley and Sons.

Mathematics in "The History of the Smithsonian Institution, 1846-1896,"
PP. 561-570, Washington, D. C.

19



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XIX

The annals of mathematics. The Alumni Bull. Univ. Va., vol. 3, no. 3,
pp. 71-72.

Notice of De Volson Wood. Science, n. s., vol. 6, pp. 204-206; also in
Proc. Soc. Pro. Eng. Ed., vol. 5, pp. 325-329 (1898).

Modification of the Eulerian cycle due to inequality of the equatorial
moments of inertia of the earth. Abstract in Proc. Amer. Assn.
Adv. Sci., vol. 46, p. 60.

Integration of the equations of motion of a non-rigid mass for the case
of equal principal moments of inertia. Abstract in Proc. Amer. Assn.
Adv. Sci., vol. 46, p. 61.

On the cubic equation defining the Laplacian envelope of the earth's
atmosphere. Abstract in Bull. Amer. Math. Soc, second ser., vol. 4,
pp. 90-91.

On the integration of a system of simultaneous linear differential equa-
tions. Abstract in Bull. Amer. Math. Soc, second ser., vol. 4,
pp. 91-92.

On the gravitational constant and the mean density of the earth. Astron.
Jour., vol. 18, pp. 121-122.

1898
On the differential equation defining the Laplacian distribution of density,

pressure, and acceleration of gravity in the earth. Abstract in Bull.
Amer. Math. Soc, second ser., vol. 4, pp. 177-178.

On the significance of the product of the gravitational constant and the
mean density of the earth. Abstract in Bull. Amer. Math. Soc, sec-
ond ser., vol. 4, p. 294.

Some recent works on mechanics. Reviews of Routh's Analytical Statics,
Appel's Traite de mecanique rationelle, Du Bois's Elementary Prin-
ciples of Mechanics, Tait's Dynamics, Wright's Elements of Mechan-
ics, Perry's Applied Mechanics, and Klein and Sommerfield's Ueber
die Theorie des Kreisels. Science, n. s., vol. 8, pp. 190-195.

On the mutual gravitational attraction of two bodies whose mass distribu-
tions are symmetrical with respect to the same axis. Abstract in
Bull. Amer. Math. Soc, second ser., vol. 5, pp. 114-116.

1899
A national observatory. Science, n. s., vol. 9, pp. 470-471.

1900

Some recent works on mechanics. Reviews of Love's Theoretical Mechan-
ics and H. von Helmholtz's Vorlesungen ueber Theoretische Physik.
Science, n. s., vol. 10, pp. 180-183.

Poincare's Cours de Physique Mathematique. Science, n. s., vol. 10, pp.
213-217.

The century's progress in applied mathematics. Presidential address to
the American Mathematical Society. Bull. Amer. Math. Soc, second
ser., vol. 4, pp. 133-163; also in Science, n. s., vol. 11, nos. 263, 264,



ROBERT SIMPSON WOODWARD WRIGHT

1900. The same was translated into Polish by Dr. S. Dickstein and
published in Wiadmosci Matematyczne, torn V, zeszyt, 1, 2, 3, pp.
T-7-S^, under the title Postepy matematyki stosowanej w XIX stuleciu.

An elementary method of integrating certain linear differential equa-
tions. Bull. Amer. Math. Soc, second ser., vol. 6, pp. 369-371.

The advancement of science. Inaugural address of the President of the
American Association for the Advancement of Science. Science, n. s.,
vol. 11, pp. 12-15.

Reviews of memoirs presented to the Cambridge Philosophical Society on
the occasion of the jubilee of Sir George Gabriel Stokes, Bart. Scien-
tific papers by Peter Guthrie Tait, vol. 2; papers on mechanical and
physical subjects by Osborne Reynolds.

1901

Observation and experiment. Presidential address to the New York
Academy of Sciences. Science, n. s., vol. 13, pp. 521-530. Published
also in Ann. N. Y. Acad. Sci., vol. 14, pp. 69-84.

The effects of secular cooling and meteoric dust on the length of the
terrestrial day. Astron. Jour., vol. 31, pp. 169-175.

The progress of science. Presidential address to the American Association
for the Advancement of Science. Science, n. s., vol. 14, pp. 305-315;
Pop. Sci. Mo., vol. 59, pp. 513-525; Nature, vol. 44, pp. 498-502.

Some recent works on mechanics. Reviews of Theoretical Mechanics,
by L. M. Hoskins; The Principles of Mechanics, by Frederick Slate;
Theoretical Mechanics, by W. W. Johnson, and Ad. Wernicke's Lehr-
buch der Mechanik. Science, n. s., vol. 14, pp. 571-573.

Review of Riemann's Die partiellen Differentialgleichungen der mathe-
matischen Physik. Science, n. s., vol. 14, pp. 610-611.

1902

Measurement and calculation. Presidential address to the New York
Academy of Sciences. Science, n. s., vol. 15, pp. 961-971.

1903
Education and the world's work of today. Commencement address read

at Rose Polytechnic Institute, June 11, 1903. Terre Haute Evening
Gazette of June 11, 1903; Science, n. s., vol. 18, pp. 161-169.

The International Conference of Arts and Science. Science, n. s., vol.
18, pp. 302-303.

A new method of integrating one of the differential equations of the
theory of heat diffusion. Phys. Rev., vol. 16, pp. 176-177.

1904
The unity of physical science. Address before the Division of Physical

Science. International Congress of Arts and Science, Saint Louis,
September-October, 1925. Science, n. s., vol. 20, pp. 417-426.

21



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XIX

Academic ideals. Address at the opening of Columbia University, Sep-
tember 28.

1905
Academic ideals. Science, n. s., vol. 21, pp. 41-46.
Report of the president of the Carnegie Institution of Washington. Year

Book no. 4, pp. 15-33.
1906

Report of the president of the Carnegie Institution of Washington. Year
Book no. 5, pp. 15-37.

The Carnegie Institution of Washington. Science, n. s., vol. 23, pp. 121-
133-

1907
Report of the president of the Carnegie Institution of Washington. Year

Book no. 6, pp. 13-38.
The Carnegie Institution of Washington. Science, n. s., vol. 25, pp. 55-60.
Joseph Henry. Pop. Sci. Mo., vol. 70, pp. 299-300.

1908
Report of the president of the Carnegie Institution of Washington. Year

Book no. 7, pp. 15-36.
Engineering mathematics. Science, n. s., vol. 28, pp. 134-138.
Our educational opportunities and how to use them. Commencement ad-

dress at Carnegie Technical Schools, Pittsburgh.

1909
Report of the president of the Carnegie Institution of Washington. Year

Book no. 8, pp. 17-39.
Conduct of scientific work under the United States Government. Science,

n. s., vol. 29, pp. 217-220.
1910

Report of the president of the Carnegie Institution of Washington. Year
Book no. 9, pp. 7-34.

The atmosphere. Bull. Mt. Weather Obs., vol. 2, pt. 5, pp. 1-11.

1911

Report of the president of the Carnegie Institution of Washington. Year
Book no. 10, pp. 5-29.

1912

Report of the president of the Carnegie Institution of Washington. Year
Book no. 11, pp. 5-28.

1913
The orbits of freely falling bodies. Science, n. s., vol. 35, pp. 315-319.
Report of the president of the Carnegie Institution of Washington. Year

Book no. 12, pp. 5-35.



ROBERT SIMPSON WOODWARD WRIGHT

The orbits of freely falling bodies. Astron. Jour., vol. 28, pp. 17-32.
The laws of falling bodies. Abstract in Jour. Wash. Acad. Sci., vol. 3,

p. 426.

1914

The Carnegie Institution of Washington. Science, n. s., vol. 39, p. 225.
Report of the president of the Carnegie Institution of Washington. Year

Book no. 13, pp. 5-39.

1915

Freely falling bodies. Science, n. s., vol. 41, pp. 492-495.
Report of the president of the Carnegie Institution of Washington. Year

Book no. 14, pp. 1-29.
Compressibility of the earth's mass. Abstract in Jour. Wash. Acad. Sci.,

vol. 5, p. 251.
The earth. Abstract in Jour. Wash. Acad. Sci., vol. 5, p. 554.

1916

Extraction of square roots of numbers. Abstract in Jour. Wash. Acad.
Sci., vol. 6, pp. 299-300.

Proceedings of the Second Pan American Scientific Congress. Section
2, Astronomy, Meteorology, Seismology; R. S. Woodward, chairman.

Report of the president of the Carnegie Institution of Washington. Year
Book no. 15, pp. : - iS .

1917

The Carnegie Institution of Washington. Science, n. s., vol. 45, pp.
204-208.

Report of the president of the Carnegie Institution of Washington. Year
Book no. 16, pp. 5-35.

The Carnegie Institution of Washington and the public. Science, n. s.,
vol. 46, pp. 573-581.

1918

Report of the president of the Carnegie Institution of Washington. Year
Book no. 17, pp. 5-30.

1919

The Carnegie Institution of Washington. Science, n. s., vol. 50, pp.
529-533-

Report of the president of the Carnegie Institution of Washington. Year
Book no. 18, pp. 5-32.

1920

Report of the president of the Carnegie Institution of Washington. Year
Book No. 19, pp. 1-24.

23



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XIX

1922

The calculus of harmonics and preharmonics and their application in
hydromechanics. Abstract in Jour. Wash. Acad. Sci., vol. 12, p.
268.

Alfred Goldsborough Mayor. Science, n. s., vol. 56, p. 68.

1923
The compressibility of the earth. Abstract in Jour. Wash. Acad. Sci.,

vol. 13, p. 44.
Some extensions in the mathematics of hydromechanics. Proc. Nat.

Acad. Sci., vol. 9, pp. 13-18.




